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(54)  Detachable  pusher-vasoocclusive  coil  assembly  with  interlocking  coupling 

(57)  A  detachable  pusher-vasoocclusive  coil 
assembly  (1  1)  for  use  in  occluding  a  selected  site  within 
a  vessel,  comprising  in  combination: 

a  vasoocclusive  coil  (13)  having  a  proximal  end; 
and 
a  pusher  (12)  having  a  distal  end; 

characterised  in  that: 
a  first  radial  protuberance  (16)  is  carried  on  the 
proximal  end  of  the  coil  solely  by  means  of  a  proxi- 
mally  extending  wire  (15); 
a  second  radial  protuberance  (20)  is  carried  on  the 
distal  end  of  the  pusher  (12)  solely  by  means  of  a 
distally  extending  wire  (19); 
said  radial  protuberances  (1  6,20)  are  adapted  to  be 
engaged  by  being  axially  overlapped  and  inter- 
locked,  with  the  first  protuberance  (16)  positioned 
proximally  of  the  second  protuberance  (20),  with 
the  proximally  extending  wire  (15)  extending  axially 
past  the  second  protuberance  (20)  and  with  the  dis- 
tally  extending  wire  (19)  extending  axially  past  the 
first  protuberance  (16);  and 
the  assembly  further  comprises  means  (14,21)  car- 
ried  coaxially  about  the  pusher  (12)  and  coil  (13) 
that  is  axially  movable  relative  to  the  coil  and 
pusher  from  a  first  position,  in  which  the  means 
radially  encloses  the  engaged  protuberances 

(16,20)  to  prevent  them  from  substantial  radial 
movement  relative  to  each  other  to  prevent  their 
disengagement,  to  a  second  position  in  which  the 
means  does  not  radially  enclose  the  protuberances 
and  the  protuberances  are  free  to  disengage. 
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Description 

The  present  invention  is  in  the  general  field  of  surgi- 
cal  instruments  and  relates  specifically  to  an  apparatus 
for  delivering  a  vasoocclusion  coil  to  a  selected  site  s 
within  a  vessel  (e.g.,  an  aneurysm)  via  a  catheter. 

Vasoocclusion  coils  or  wires  are  used  to  occlude  a 
site,  such  as  an  aneurysm,  within  a  vessel.  The  coils 
may  be  of  a  regular  (e.g.,  helical)  configuration  or 
assume  a  random  convoluted  configuration  at  the  site.  10 
Vasoocclusion  coils  are  described  in 

US-A-4,994,069.  The  coils  are  normally  made  of  a 
radioopaque,  biocompatible  metal  such  as  platinum, 
gold,  or  tungsten.  In  treating  aneurysms  it  is  common  to 
place  a  plurality,  typically  4  to  12,  coils  within  the  aneu-  15 
rysm.  The  coils  occlude  the  site  by  posing  a  physical 
barrier  to  blood  flow  and  by  promoting  thrombus  forma- 
tion  at  the  site. 

The  coil(s)  have  typically  been  placed  at  the 
desired  site  using  a  catheter  and  a  pusher.  The  site  is  20 
first  accessed  by  the  catheter.  In  treating  peripheral  or 
neural  conditions  requiring  occlusion,  the  sites  are 
accessed  with  flexible,  small  diameter  catheters  such  as 
the  catheters  described  in  US-A-4,739,768  and  US-A- 
4,813,934.  The  catheter  may  be  guided  to  the  site  25 
through  the  use  of  guidewires  (see  US-A-4,884,579) 
and/or  flow-directed  means  such  as  balloons  at  the  dis- 
tal  end  of  the  catheter.  Once  the  site  has  been 
accessed,  the  catheter  lumen  is  cleared  (i.e.,  the 
guidewire  is  removed  if  a  guidewire  has  been  used)  and  30 
the  coil  is  placed  in  the  proximal  end  of  the  catheter  and 
advanced  through  the  catheter  with  a  pusher.  Pushers 
are  wires  having  a  distal  end  that  is  adapted  to  engage 
and  push  the  coil  distally  as  the  pusher  is  advanced 
through  the  catheter.  When  the  coil  reaches  the  distal  35 
end  of  the  catheter  it  is  plunged  therefrom  by  the  pusher 
into  the  vessel.  This  technique  of  plunging  the  coil  from 
the  distal  end  of  the  catheter  has  undesirable  limita- 
tions.  First,  because  of  the  plunging  action,  the  position- 
ing  of  the  coil  at  the  site  cannot  be  controlled  to  a  fine  40 
degree  of  accuracy.  Second,  once  plunged  from  the 
catheter,  it  is  difficult  to  reposition  or  retrieve  the  coil  if 
desired.  Indeed,  another  device,  called  a  retriever,  must 
be  threaded  through  the  catheter  to  snare  the  coil  to 
reposition  or  retrieve  it.  45 

In  view  of  these  limitations,  techniques  have 
recently  been  developed  to  enable  more  accurate 
placement  of  coils  within  a  vessel.  In  one  technique 
(described  in  WO-A-91/13592  upon  which  is  based  the 
preamble  of  claim  1)  the  coil  is  bonded  via  a  metal-to-  so 
metal  joint  to  the  distal  end  of  a  pusher  made  of  a  differ- 
ent  metal  than  the  coil.  The  coil-carrying  pusher  is 
advanced  through  the  catheter  to  the  site  and  a  low 
electrical  current  is  passed  through  the  pusher-coil 
assembly.  The  current  causes  the  joint  between  the  55 
pusher  and  coil  to  be  severed  via  electrolysis.  The 
pusher  may  then  be  retracted  leaving  the  detached  coil 
at  an  exact  position  within  the  vessel.  In  addition  to  ena- 
bling  more  accurate  coil  placement,  the  electric  current 

may  facilitate  thrombus  formation  at  the  coil  site.  The 
only  perceived  disadvantage  of  this  method  is  that  the 
electrolytic  release  of  the  coil  requires  a  given  time 
period  so  that  rapid  detachment  of  the  coil  from  the 
pusher  is  not  possible.  In  another  technique  the  con- 
fronting  ends  of  the  pusher  and  coil  are  designed  such 
that  the  pusher  clamps  onto  the  wire  and  holds  it  until 
the  clamp  is  released.  Accordingly,  this  methodology 
utilizes  a  mechanical  detachment  mechanism  rather 
than  an  electrolytic  mechanism. 

WO-A-92/21400,  which  is  prior  art  to  the  present 
case  under  Article  54(3)  EPC  only,  discloses  a  detacha- 
ble  pusher-coil  assembly  comprising  a  coil,  a  pusher 
and  a  catheter.  One  of  the  distal  end  of  the  pusher  and 
the  proximal  end  of  the  coil  is  provided  with  a  clamp  and 
the  other  with  a  radial  enlargement  on  a  reduced-diam- 
eter  stem.  The  clamp  includes  radially  movable  jaws 
which,  when  contained  within  the  catheter,  embrace  the 
radial  enlargement  to  attach  the  coil  to  the  pusher. 
When  the  clamp  is  pushed  from  the  distal  end  of  the 
catheter  the  jaws  open  radially  to  cease  clamping  the 
radial  enlargement,  detaching  the  coil  from  the  pusher. 

According  to  a  first  aspect  of  the  present  invention 
there  is  provided  a  detachable  pusher-vasoocclusive 
coil  assembly  for  use  in  occluding  a  selected  site  within 
a  vessel,  comprising  in  combination: 

a  vasoocclusive  coil  having  a  proximal  end;  and 
a  pusher  having  a  distal  end; 

characterised  in  that: 
a  first  radial  protuberance  is  carried  on  the  proximal 
end  of  the  coil  solely  by  means  of  a  proximally 
extending  wire; 
a  second  radial  protuberance  is  carried  on  the  distal 
end  of  the  pusher  solely  by  means  of  a  distally 
extending  wire; 
said  radial  protuberances  are  adapted  to  be 
engaged  by  being  axially  overlapped  and  inter- 
locked,  with  the  first  protuberance  positioned  proxi- 
mally  of  the  second  protuberance,  with  the 
proximally  extending  wire  extending  axially  past  the 
second  protuberance  and  with  the  distally  extend- 
ing  wire  extending  axially  past  the  first  protuber- 
ance;  and 
the  assembly  further  comprises  means  carried 
coaxially  about  the  pusher  and  coil  that  is  axially 
movable  relative  to  the  coil  and  pusher  from  a  first 
position,  in  which  the  means  radially  encloses  the 
engaged  protuberances  to  prevent  them  from  sub- 
stantial  radial  movement  relative  to  each  other  to 
prevent  their  disengagement,  to  a  second  position 
in  which  the  means  does  not  radially  enclose  the 
protuberances  and  the  protuberances  are  free  to 
disengage. 

Relative  to  the  prior  art  the  coil  assembly  of  the 
present  invention  provides  an  alternative  mechanical 
means  for  detaching  a  vasoocclusive  coil  from  a  pusher 
at  a  desired  vessel  site. 
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In  the  drawings,  which  are  not  to  scale: 

Figure  1  is  an  enlarged,  partly  sectional,  elevational 
view  of  an  embodiment  of  the  pusher-vasoocclu- 
sive  coil  assembly  of  the  invention.  s 
Figure  2  is  an  enlarged,  partly  sectional,  elevational 
view  of  the  assembly  of  Figure  1  within  a  catheter. 
Figure  3  is  an  enlarged,  partly  sectional,  elevational 
view  of  the  assembly  of  Figure  1  showing  the 
assembly  disengaged  or  uncoupled.  10 

In  the  drawings,  proximal  is  left  and  distal  is  right. 
Only  the  distal  portions  of  certain  elements  of  the 
assembly  are  depicted  in  the  drawings. 

The  assembly,  generally  designated  1  1  ,  shown  in  is 
the  drawing,  comprises  three  main  elements:  (a)  a 
pusher,  generally  designated  12,  (b)  a  vasoocclusive 
coil  13,  and  (c)  a  sleeve  14. 

Coil  13  is  shown  in  Figure  1  as  a  uniform  diameter 
helical  coil  wire.  It  may,  however,  have  another  regular  20 
configuration  or  have  a  random  configuration.  In  any 
event,  the  coil  must  be  dimensioned  to  be  able  to  be 
advanced  through  a  catheter  that  is  sized  to  access  the 
desired  site.  The  coil  is  made  of  a  radioopaque,  biocom- 
patible  metal  such  as  platinum,  gold  or  tungsten  so  that  25 
its  location  within  the  vessel  may  be  viewed  radiograph- 
ically. 

For  use  in  occluding  peripheral  or  neural  sites  the 
coils  will  typically  be  made  of  0.05  to  0.15  mm  diameter 
platinum  wire  that  is  wound  to  have  an  inner  diameter  of  30 
0.15  to  0.96  mm  with  a  minimum  pitch  (i.e.,  the  windings 
are  close  or  tight).  The  length  of  the  wire  (wound)  will 
normally  be  in  the  range  of  0.5  to  60  cm,  preferably  2  to 
20  cm.  As  indicated,  if  desired,  the  coil  may  be  formed 
so  that  the  coil  takes  an  essentially  linear  configuration  35 
in  which  it  may  be  advanced  through  the  catheter  and 
assume  a  randomly  oriented  relaxed  condition  after  it  is 
released  from  the  catheter  (see  US-A-4,994,069). 

A  thin  wire  1  5  is  affixed  to  coil  1  3  by  welding,  solder- 
ing,  brazing  or  an  adhesive.  While  the  wire  15  is  shown  40 
as  affixed  to  the  distal  end  of  the  coil  and  extending 
proximally  through  the  coil  lumen,  it  may  be  affixed  at  an 
intermediate  location  on  the  coil  or  to  the  proximal  end 
of  the  coil.  Further,  the  wire  15  may  have  a  curvilinear 
configuration  (e.g.,  be  coiled  or  ribbon-shaped)  or  be  45 
substantially  linear  as  shown  in  the  drawings.  The  prox- 
imal  end  of  the  wire  15  carries  a  sphere  or  ball  16.  The 
ball  may  be  positioned  centrally  relative  to  the  wire  or  be 
offset  from  the  axis  of  the  wire.  Wire  15  is  preferably 
constructed  so  that  it  will  bias  radially  when  free  of  con-  so 
striction.  As  shown,  the  wire  extends  proximally  from  the 
coil  such  that  the  ball  16  is  spaced  from  the  proximal 
end  of  the  coil. 

Pusher  1  2  comprises  a  proximal  end  segment  (not 
shown)  that  provides  a  means  by  which  the  pusher  may  ss 
be  gripped  and  manipulated,  a  main  central  core  18  in 
the  form  of  a  thin  wire  or  rod  (core  1  8  is  much  longer 
than  depicted  in  the  drawings),  and  a  thin  wire  19 
extending  from  the  distal  end  of  core  1  8,  and  a  ball  20 

carried  on  the  distal  end  of  wire  19.  As  in  the  case  of  the 
coil,  wire  19  may  be  curvilinear  or  substantially  linear 
and  the  ball  20  may  be  located  centrally  of  or  offset  from 
the  wire  axis.  Preferably,  wire  19  is  constructed  to  bias 
radially  when  free  of  constriction.  The  entire  length  of 
the  pusher  will  be  such  as  to  be  capable  of  being 
advanced  entirely  through  the  catheter  21  to  the  vessel 
site  with  a  sufficient  portion  of  the  proximal  end  of  the 
pusher  protruding  from  the  proximal  end  of  the  catheter 
to  enable  the  pusher  to  be  manipulated.  Typically,  the 
core  segment  will  constitute  at  least  about  90-95%  of 
the  entire  length  of  the  pusher.  For  use  in  peripheral  or 
neural  surgeries,  the  pusher  will  normally  be  about  100 
to  200  cm  in  length,  more  usually  160  to  180  cm  in 
length.  The  diameter  of  the  core  18  of  the  pusher  will 
typically  be  in  the  range  of  0.25  to  0.90  mm. 

The  balls  16  and  20  are  maintained  in  an  over- 
lapped,  interlocked  relationship  by  radially  enclosing 
them  so  that  they  are  prevented  from  substantial  radial 
movement  and  are  thus  not  free  to  disengage.  The 
means  for  coaxially  enclosing  the  engaged  pusher  and 
coil  may  be  the  inner  wall  of  the  catheter  that  is  used  to 
access  the  site.  However,  if  (a)  the  catheter  is  too  elastic 
radially  to  maintain  the  engagement  or  (b)  it  is  desired  to 
maintain  the  engagement  distally  of  the  distal  end  of  the 
catheter,  a  separate  sleeve  1  4  that  is  received  coaxially 
about  the  coil  and  pusher  may  be  employed. 

The  outer  diameter  of  sleeve  14  is  such  that  the 
sleeve  can  be  advanced  through  the  lumen  of  the  cath- 
eter  21.  Correspondingly,  the  inner  diameter  of  the 
sleeve  is  dimensioned  such  that  it  can  receive  the 
pusher-coil  assembly  within  its  lumen  and  the  sleeve 
can  be  moved  axially  relative  to  the  assembly.  Further, 
the  inner  diameter  of  the  sleeve  is  less  than  the  com- 
bined  diameters  of  the  balls  16  and  20.  For  use  in 
peripheral  or  neural  surgeries,  the  inner  diameter  of  the 
sleeve  will  usually  be  in  the  range  of  0.3  to  1  mm.  The 
sleeve  will  typically  be  made  of  flexible  plastics  that  may 
be  navigated  through  the  catheter. 

Assembly  1  1  is  used  to  place  one  or  more  vasooc- 
clusive  coils  at  a  selected  site  on  a  vessel  as  follows. 
The  pusher  and  coil  are  assembled  as  shown  in  Figure 
1  with  balls  16  and  20  in  an  axially  overlapped,  inter- 
locked  position.  If  a  sleeve  is  used  to  radially  enclose 
the  pusher  and  coil,  it  is  placed  coaxially  thereover.  In 
this  position,  the  pusher  and  coil  are  coupled  by  the 
interlocked  balls.  It  is  desirable  that  the  distance 
between  the  distal  end  of  the  core  1  8  and  ball  1  6  be  as 
short  as  possible  when  the  balls  are  interlocked.  Cathe- 
ter  21  is  inserted  through  the  vessel  lien  (not  shown)  to 
the  site  to  be  occluded  (e.g.,  an  aneurysm,  vascular 
malformation,  or  arteriovenous  fistula).  As  indicated 
previously,  conventional  catheter  insertion  and  naviga- 
tional  procedures  involving  guidewire  and/or  flow- 
directed  means  may  be  used  to  access  the  site  with  the 
catheter.  Once  the  distal  end  of  the  catheter  is  posi- 
tioned  at  the  site  (its  location  may  be  determined  by 
coating  the  distal  end  of  the  catheter  with  a  radioopaque 
material  or  otherwise  affixing  such  a  material  to  the  dis- 
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tal  end  of  the  catheter  or  incorporating  such  a  material 
into  the  distal  end  of  the  catheter),  the  catheter  is 
cleared  (i.e.,  if  a  guidewire  has  been  used  to  position 
the  catheter,  it  is  withdrawn  from  within  the  catheter) 
and  the  pusher  and  coil  assembly  11  (and  sleeve,  if  5 
used)  is  advanced  through  the  catheter.  (See  Figure  2). 
The  assembly  is  advanced  distally  of  the  distal  end  of 
the  catheter  so  that  the  interlocked  balls  1  6  and  20  are 
free  of  the  catheter  with  the  coil  positioned  exactly  at  the 
desired  sites.  If  a  sleeve  is  used,  the  sleeve  is  then  w 
retracted  (moved  axially  in  the  proximal  direction)  so 
that  it  no  longer  encloses  the  interlocked  balls.  The 
radial  bias  exerted  by  the  wires  1  5  and/or  1  9  causes  the 
balls  to  unlock  and  the  coil  to  be  uncoupled  from  the 
pusher.  (See  Figure  3).  It  will  be  appreciated  that  it  is  not  75 
essential  that  the  wires  1  5  and/or  1  9  exert  a  radial  bias 
and  that  the  balls  can  be  uncoupled  simply  by  gravity  or 
fluid  flow  at  the  site.  If  additional  coils  need  to  be  placed 
at  the  site,  the  pusher  and  sleeve  are  withdrawn  and  the 
procedure  is  repeated.  After  the  desired  number  of  coils  20 
have  been  placed  at  the  site,  the  catheter  is  withdrawn 
from  the  vessel. 

It  will  be  appreciated  by  those  of  skill  in  the  art  that 
other  coil  configurations  and  interlocking  member  con- 
figurations  (e.g.,  the  balls  may  be  replaced  by  cylinders  25 
or  coils)  may  be  used  in  place  of  those  depicted  in  the 
drawings.  Such  modifications  as  well  as  other  modifica- 
tions  of  the  above-described  modes  for  carrying  out  the 
invention  that  are  obvious  to  those  of  skill  in  the 
mechanical  and  surgical  instrument  design  arts  and  30 
related  fields  are  intended  to  be  within  the  scope  of  the 
following  claims. 

Claims 
35 

1.  A  detachable  pusher-vasoocclusive  coil  assembly 
(11)  for  use  in  occluding  a  selected  site  within  a 
vessel,  comprising  in  combination: 

carried  coaxially  about  the  pusher  (12)  and  coil 
(13)  that  is  axially  movable  relative  to  the  coil 
and  pusher  from  a  first  position,  in  which  the 
means  radially  encloses  the  engaged  protuber- 
ances  (16,20)  to  prevent  them  from  substantial 
radial  movement  relative  to  each  other  to  pre- 
vent  their  disengagement,  to  a  second  position 
in  which  the  means  does  not  radially  enclose 
the  protuberances  and  the  protuberances  are 
free  to  disengage. 

2.  An  assembly  as  claimed  in  claim  1  ,  wherein  at  least 
one  of  the  wires  (15,19)  is  radially  biased  to  cause 
disengagement  of  the  protuberances  (16,20)  upon 
axial  movement  of  said  means  (14,21)  from  said 
first  position  to  said  second  position. 

3.  The  assembly  of  claim  1  or  claim  2,  wherein  the 
means  is  a  catheter  (21). 

4.  The  assembly  of  claim  1  or  claim  2,  wherein  the 
means  is  a  sleeve  (14)  adapted  to  be  received 
within  a  catheter  (21). 

5.  The  assembly  of  any  one  of  the  preceding  claims, 
wherein  the  protuberances  (16,20)  have  radiused 
surfaces. 

6.  The  assembly  of  claim  5  ,  wherein  the  protuber- 
ances  (16,20)  are  generally  spherical  in  shape. 

7.  The  assembly  of  claim  5  ,  wherein  the  protuber- 
ances  are  cylindrical  in  shape. 

8.  The  assembly  of  claim  5  ,  wherein  the  protuber- 
ances  are  coil-shaped. 

a  vasoocclusive  coil  (13)  having  a  proximal  40 
end;  and 
a  pusher  (12)  having  a  distal  end; 

characterised  in  that: 
a  first  radial  protuberance  (16)  is  carried  on  the 
proximal  end  of  the  coil  solely  by  means  of  a  45 
proximally  extending  wire  (15); 
a  second  radial  protuberance  (20)  is  carried  on 
the  distal  end  of  the  pusher  (12)  solely  by 
means  of  a  distally  extending  wire  (19); 
said  radial  protuberances  (1  6,20)  are  adapted  so 
to  be  engaged  by  being  axially  overlapped  and 
interlocked,  with  the  first  protuberance  (16) 
positioned  proximally  of  the  second  protuber- 
ance  (20),  with  the  proximally  extending  wire 
(15)  extending  axially  past  the  second  protu-  55 
berance  (20)  and  with  the  distally  extending 
wire  (1  9)  extending  axially  past  the  first  protu- 
berance  (16);  and 
the  assembly  further  comprises  means  (14,21) 
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